Abstract We report a case of allergic acute tubulointerstitial nephritis (TIN) induced by acetaminophen in a 48-year-old Japanese man with no past medical history. Two days after receiving the non-steroidal anti-inflammatory drug (NSAID) loxoprofen for left shoulder pain, he developed cold symptoms such as fever and sore throat. He then took a 300 mg dose of acetaminophen three times a day and a 100 mg dose of minocycline hydrochloride twice a day for 7 days. Because there was no improvement in his symptoms, he consulted a local clinic again, where blood tests revealed renal insufficiency, and he was, then, referred to our hospital for evaluation of kidney function. Renal biopsy revealed acute TIN, and Ga-67 scintigraphy showed diffuse uptake in bilateral kidneys. A drug-induced lymphocyte stimulation test (DLST) was positive for acetaminophen and negative for loxoprofen and minocycline. Based on these findings, we made a diagnosis of acetaminophen-induced TIN. We treated the patient with three courses of semi-pulse steroid therapy, after which his fever went down, and his serum creatinine level recovered from 2.09 to 1.43 mg/dL. Although we medical doctors think that therapeutic dose of acetaminophen retains high safety, it is important to keep in mind that acetaminophen can cause allergic acute TIN.
Introduction
Acetaminophen, also called paracetamol, is widely used as an analgesic and antipyretic agent around the world. Because of its safety, for all age groups and even for chronic kidney disease patients, acetaminophen is freely prescribed by many physicians and it is available as an over-the-counter drug at pharmacies.
It is well known that acetaminophen-induced nephrotoxicity and hepatotoxicity are sometimes seen simultaneously in cases of overdose [1, 8] or in alcohol intoxication [2, 3] , but nephrotoxicity occurs in only 2% of who patients take an overdose [9] . Acute kidney injury (AKI) due to acetaminophen overdose is caused by circulatory failure and/or hepatorenal syndrome associated with acute hepatic failure, and is acute tubular necrosis pathologically. Although AKI is thought to be an extremely rare adverse effect of acetaminophen in healthy persons, therapeutic dose of acetaminophen sometimes impairs kidney function in patients who are glutathione depleted (chronic alcoholism, infants, starvation/fasting/malnutrition) or who take drugs that induce p450 proteins (smoking, isoniazid, chronic alcohol ingestion, anticonvulsants) [10] . It has been reported that therapeutic dose of acetaminophen sometimes induces both renal failure and hepatic failure [4, 5] , but such cases are uncommon. Cases of renal damage induced by a therapeutic dose of acetaminophen without liver damage is very rare and mostly limited to & Ryosuke Usui fzk11643@nifty.com children [6, 7] , and such cases have hardly ever been reported in adults.
Case report
The patient was a 48-year-old Japanese man with no past medical history. Clinical course is shown in Fig. 1 . He had a periodic medical checkup every year and was not pointed out of renal insufficiency before this episode. He had a habit of doing exercise every weekend and sometime used analgesic agents such as loxoprofen and poultice when he had myalgia and/or arthralgia due to overwork. In May 2013, two days after receiving loxoprofen for left shoulder pain, the patient developed cold symptoms such as fever and sore throat and consulted a local clinic, where a 300 mg dose of acetaminophen three times a day and a 100 mg dose of minocycline (MINO) twice a day for 7 days were prescribed. After taking these medicines, the patient was pointed out of renal insufficiency and found to have an elevated serum CRP level, and he was then referred to the Nephrology Division of the Yachiyo Medical Center of Tokyo Women's Medical University, where he was admitted. Physical examination on admission: body height 171.1 cm, body weight 63.6 kg, consciousness clear, blood pressure 112/77 mmHg, heart rate 57 beats/min, body temperature 36.1°C. There was no lower limb edema, no skin rash, and no arthritis/arthralgia. Chest X-rays showed no evidence of pneumonia or pleural effusion and no other abnormal findings. An electrocardiogram showed normal sinus rhythm. A renal ultrasound examination showed no evidence of hydronephrosis.
The laboratory findings are shown in Table 1 . Briefly, there was no proteinuria, hematuria, or eosinophilia. The urinary NAG, a1MG, and b2MG levels were elevated to 15.0 U/L, 42.6 mg/L, and 14.729 lg/L, respectively. The serum BUN level was 16.1 mg/dL, serum creatinine level 2.09 mg/dL, and serum CRP level 1.91 mg/dL, and the ESR was 68 mm/h. The calculated fractional excretions of sodium and urea were 1.18 and 48.4%, respectively.
The renal biopsy findings revealed tubulointerstitial nephritis (TIN) with eosinophil-dominant infiltration (Fig. 2) . DLST was positive with high value of cpm for acetaminophen, but not for loxoprofen and MINO. Ga-67 scintigraphy showed diffuse uptake in bilateral kidneys (Fig. 3) . Based on these findings we made a diagnosis of acetaminophen-induced TIN. We speculated that loxoprofen would be the candidate drug for acute TIN at first. But, we heard his lifestyle carefully and got an additional information that he had a habit of doing exercise every weekend. He told us that the frequency of joint and/or muscle pain due to overwork of exercise and usage of analgesic agents, such as loxoprofen and NSAIDs contained poultices, had been increased in recent years. From the clinical course when he could use loxoprofen safely so far, we concluded that the causative medicine was acetaminophen.
We conducted three courses of semi-pulse steroid therapy because the leukocyte infiltration of tubulointerstitial spaces was very severe. The serum creatinine level peaked at 2.09 mg/dL, but had fallen to 1.43 mg/dL at the time of discharge on the 29th hospital day. In addition, elevated tubulointerstitial injury markers such as NAG, a1MG, and b2MG improved. We tapered the dose of oral prednisolone, and discontinued it three months after discharge. The serum creatinine level was 1.36 mg/dL one year after discharge and 1.23 mg/dL two years after discharge.
Discussion
In a study conducted in 128 adults with a diagnosis of TIN, 70% of the cases were concluded to be due to adverse effects of drugs, that is, iatrogenic disorders, and a rash, fever and eosinophilia were observed in only 10% of the cases [11] . Confirmation of a diagnosis of TIN requires a renal biopsy. However, a renal biopsy was not performed in many cases clinically diagnosed with drug-induced renal insufficiency. The typical light microscopic finding of TIN is lymphocyte-dominant inflammatory cell infiltration in tubulointerstitial lesions. Eosinophil infiltration is more prominent in drug-induced TIN [12] . Our case showed marked eosinophil infiltration that is consistent with druginduced TIN. TIN is also associated with autoimmune diseases such as Sjögren's syndrome and systemic lupus erythematosus, however, these diseases were ruled out in our case. To our knowledge, there have been only four adult cases including our own case of biopsy-confirmed TIN induced by a therapeutic dose of acetaminophen [5, 13] . In the cases administrated several medications simultaneously it might be very difficult to specify the causative drug. To determine a causative drug in candidate drugs, there are DLST and drug-allergy induction tests such as patch test, prick test, and challenge test. However, the former has low sensitivity, and the latter may be ethically unacceptable.
The basic treatment for drug-induced TIN is supportive therapy, such as body fluid and electrolyte management [14] . Although the effectiveness of steroid treatment in drug-induced TIN is controversial, some studies have shown efficacy of introduction of steroid treatment in the early phase [15] [16] [17] [18] . We treated our patient with steroid because there was severe infiltration of inflammatory cells in the renal biopsy specimens and the elevated ESR/CRP levels reflected organ inflammation.
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